Abstract: Predation by wolves Canis lupus on roe deer Capreolus capreolus was studied by scat analysis in five areas of the Province of Arezzo, north-eastern Tuscany, Italy. In the intensive study area (ISA) roe deer represented 19.1% of mean per cent volume (MPV) while in the other areas its use ranged between 10.9% and 53.4% of MPV. A low degree of variation was found in both annual and seasonal use of roe deer, although seasonal differences were more marked in those areas where roe deer use was lower. In ISA, roe deer was negatively selected among species: the Ivlev's electivity index ranged between -0.41 and -0.89. Analysing intra-specific selection, in ISA <1-year-old individuals were preferred by wolves, mainly during the fawns' first months of life. This trend was confirmed in the other areas, where fawns represented more than 50% of the relative number of roe deer prey. In ISA, the use of roe deer (as MPV) was not correlated with its density or with that of the main prey, wild boar, and in almost all the other areas no relation between use and density of roe deer was founded. However, in the one area where both roe deer density and use were the highest, these two variables seemed to exhibit a comparable trend. The use of roe deer was negatively correlated with the percentage of forest cover among all the study areas.
INTRODUCTION
Roe deer Capreolus capreolus are the most numerous ungulate in Europe -they spread from the boreal forests of Scandinavia to the Mediterranean and from Britain to western Russia (Danilikin & Hewison, 1996) . The main mortality factors for this species include disease, starvation, legal and illegal harvesting and predation: the survival rate is lower in individuals younger than 1 and older than 7 years of age (Gaillard, Delorme et al., 1993) . In the absence of predators, early survival of fawn can be highly variable over the years and marked variations between cohorts can be found leading to different population dynamics (Gaillard, Boutin et al., 1997) .
Recent recolonization by wolves Canis lupus of some European areas belonging to its original range, and the increase in their numbers represents another possible source of mortality of roe deer populations. Thus, the impact of predation has begun to be taken into account when planning conservation and management of the roe deer.
In a study on the relative role of predation and other mortality factors on a roe deer population in Bielowieza Primeval Forest (BPF), Okarma, Jedrzejewska et al. *All correspondence to: Professor M. Apollonio. E-mail: marcoapo@uniss.it (1995) found that predation from wolves, lynxes Lynx lynx and stray dogs accounted for 69% and 55% of roe deer mortality, in the protected and exploited parts of BPF, respectively. Moreover, in a review of different studies on five localities where roe deer coexisted with predators, Jedrzejewski, Schmidt, Milkowski et al. (1993) showed that 85% of the natural mortality of roe deer was due to predation, mainly by lynx.
As some findings have demonstrated that the dynamics of roe deer populations are mostly influenced by survival of the fawns (Gaillard, Delorme et al., 1993; Hewison, 1996) , more attention has been directed to the incidence of predation on juveniles. In a review of 49 studies of seven temperate-zone ungulate species (including two studies on roe deer), predation accounted for the deaths of 38.8% of newborns (Linnell, Aanes & Andersen, 1995) ; indeed, Aanes & Andersen (1996) found a mortality rate of 48% for roe deer fawns on a Norwegian island where the red fox Vulpes vulpes preyed on them, while in a predator-free environment the mean mortality rate recorded was 18% .
In Italy, roe deer occupy only a part of thier potential range, but they are widespread over almost all Tuscany, and their density is locally higher than that of wild boar Sus scrofa. The 3232 km 2 -wide area of the Province of Arezzo hosts a rich and diverse ungulate community: about 16 200 wild boar and 23 400 roe deer are estimated to be present, in addition to c. 900 red deer Cervus elaphus, 1000 fallow deer Dama dama and 350 mouflon Ovis orientalis musimon, while the minimum density of wolves estimated in this area is one of the highest in Europe (3.2 wolves/100 km 2 ). Roe deer are legally hunted in the Province, outside the protected areas.
The wide distribution and high density of roe deer in this area makes it the most abundant and widespread potential prey for wolves. Nevertheless, in a preliminary study on the feeding ecology of wolves in the Casentinesi Forest, wild boar were found to be the main prey while roe deer represented only a secondary prey for most of the time (Mattioli et al., 1995) . In this paper, we found that roe deer use tended to decrease in spite of a constant presence and that the use of fawns seemed to be overall higher than their availability. With regard to wild boar, piglets between 6 and 12 months of age were mostly used.
As roe deer and wolf ranges overlap almost everywhere in the Province, in the present study their relationship was evaluated by comparing the diets of wolves in different areas. Thus, the aims of this study were: (1) to determine the role of roe deer in the diet of wolves in the Province of Arezzo, by the analysis of scats collected in the intensive study area (ISA), from 1988 to 2000, and in four neighbouring areas, from 1996 to 2001; (2) to evaluate annual selection of roe deer by wolves in ISA; (3) to assess the patterns of age class selection by wolves in ISA and in the other study areas.
METHODS

Study areas
We conducted the main study in an ISA 130.7 km 2 in area, between 400 and 1520 m a.s.l. and with a continental climate. The mean annual temperature is 5
• C and snow cover on the ground averages 94 days/year at 1100 m a.s.l. Four species of wild ungulates are present: wild boar, roe deer, red deer and fallow deer. This area can be divided into 2 parts characterized by different features. The Casentinesi Forest comprises 52% of the area, is above 700 m and is dominated by FagusAbies and Quercus-Tilia-Acer forests (89%); inside this zone, hunting is not allowed. In the remaining part, located outside the park borders and below 700 m, only 48% of the surface is covered by forests, mainly constituted by Quercus pubescens and interspersed with pastures and cultivated fields. Cervids and wild boar are hunted here. Farms are distributed exclusively in the lower part of the area: about 960 sheep and a few dozen cattle and horses were present in 1990 (Census of Agriculture, I.S.T.A.T.).
We compared data collected in ISA with those from 4 neighbouring areas, called 'Mugello' (SAF), 'Valle Santa' (VS), 'Pratomagno' (PM) and 'Valtiberina' (VT) (Fig. 1) . These areas covered 98.7 km 2 for SAF, 143.6 km 2 for VS, 179.6 km 2 for PM and 385.9 km 2 for VT. The percentage of protected area with no hunting allowed ranged from 52.0% in ISA, to 54.6% in SAF, 25.7% in VS, 30.3% in PM and 12.7% in VT.
Deciduous forests of Fagus sylvatica, Quercus cerris, Q. pubescens, Acer sp., Alnus glutinosa, Carpinus betulus and Ostria carpinifolia dominate all these areas, but Abies sp., Pseudotsuga menziesii and Pinus sp. are also present in reforestation sites. Moreover, in PM and partially in SAF, pasture and bushes of Juniperus sp. and Genista sp. cover the main ridges, while in VT and VS, between 600 and 1000 m a.s.l., Quercus forests alternate with pastures. The proportion of forest cover varies among all the areas and is about 85.1% in ISA, 82.3% in SAF, 72.6% in VS, 85.6% in PM and 61.6% in VT.
All these areas fall within an altitude range between 400 and 1600 m and host a diverse ungulate community (Table 1) . In all the areas, we annually evaluated the presence and the number of wolves, both during the post-breeding period and in winter, by wolf howling and snow tracking, respectively. Wolf-howling census was made using the approach described as 'saturation census' by Harrington & Mech (1982) and adapted to local requirements. On the basis of information collected over each year, we identified distinct census sectors and every night from 2 to 4 adjacent sectors were covered simultaneously by different teams, for up to three consecutive nights, as described in Apollonio et al. (in press ). In our calculation, wolf packs were assumed to be different if one of the following conditions was satisfied: (1) groups with 2 or more adults were detected by the same team simultaneously in different valleys; (2) they were located by different teams within the same night in areas > 5 km apart; (3) packs, replying with howls on different nights, were located in areas > 5 km apart, where different packs had been found during the previous year (Apollonio et al., in press) . In all the areas we used the same equipment, artificial stimuli and session protocols, described in Gazzola et al. (2002) . Surveys were carried out once or twice per year, between late June and early September, from 1992 to 2000 in ISA, SAF and VS, and from 1998 to 2003 in VT. In PM, some surveys were done in 1994 and then continuously from 1999. In ISA, SAF and VS, since 1997, the data collected during summer were verified over the other seasons by monthly census. Chorus responses obtained during the census were recorded by specific instruments and then analysed by spectral analysis to assess the minimum number of wolves joining the chorus, as described in Apollonio et al. (in press) . In good quality summer recordings, pup vocalizations were recognizable. We arbitrarily assumed the discrimination pup/adult feasible until the end of October. In the absence of bioacoustical analysis, choral howls in which the presence of pups was detectable were conservatively interpreted as produced by 4 individuals (2 adults + 2 pups), as in Ciucci & Boitani (1999) . To verify and complete the information obtained by wolf howling, snow-tracking census sessions were mainly concentrated in the areas around summer pack localizations, and were conducted by different teams of researchers operating at the same time in adjacent areas, usually 24 to 36 h after a snowfall. Wolf trails were followed in order to understand the number of wolves travelling together, and the major number of wolves censused within each pack range was considered as an estimate of winter pack size. Snow-tracking sessions provided confirmation of the presence of packs censused in summer and in a few cases to reveal new packs; moreover they provided information about temporal changes in the number of present wolves.
We estimated the density of wild ungulates by different census methods. The roe deer population was estimated at the end of winter by drive census, performed following the protocol described in Cemagref (1984) and Okarma, Jedrzejewski et al. (1995) . Sample areas chosen for census were overall representative of the whole study area, considering both coppice and high forest and moreover taking into account the tree species composition of the forest. We used, on average, 110 persons/100 ha of sampled area. The areas sampled averaged 39.9 ± 17.9 ha in ISA, 53.9 ± 4.9 ha in VS, 31.7 ± 12.6 ha in PM and 22.1 ± 9.7 in VT. As sample areas were covered by forest, drive census provided a density on the forested surface, calculated each year by dividing the total number of deer observed in all the sample areas by their total surface. Thus, to obtain the density on the total surface, we multiplied the density in the forest by the coefficient of forest cover in the study area. We preferred to use weighted mean in this calculation to take into account differences in sample area dimensions and in the percentage of forest cover in the surrounding areas.
In ISA, since 1989, we used 11 permanent sample areas, covering a total of 590 ha (6.5% of the forested surface): 6 were located inside and 5 were outside the park. In ISA, we collected monthly data on population age structure of roe deer on established transects and from vantage points, and each year we calculated the relative frequency of adult females in the population (mean = 33.3%, range: 30-37%). Then, considering this proportion and a fixed fertility value of 1.6 embryos/adult female (derived from a sample of 25 females), we calculated post-parturition density for each year.
Each year, drive censuses were conducted in PM, VT, and VS, using 21, 11 and 3 sample areas, respectively. In SAF, we could only obtain a mean estimate for the whole period of study, thus we could not consider temporal variation of density for this area. We used annual population age structure parameters obtained during observations from August to May, to calculate the relative frequency of adult females in PM, VT and VS, each year. Then, we calculated post-parturition density for each year as for ISA.
We also used data collected by drive census to estimate wild boar density, since data were not available from snowtracking census or by observations at feeding stations. Additionally, we calculated post-birth density by adding the percentage of piglets, determined from monthly data collected on ungulate community structure, to > 1-yearold individuals.
We censused red deer by counting roaring males, during the rut, in the whole range. Each year counts were twice replayed in the last week of September, from 21:00 to 24:00. Every time, wildlife biologists and trained personnel were distributed at different hearing points, each covering a defined sector, with a mean density of 1:1 person/100 ha. The number or roaring stags was established by recording number, direction (given by compass), and time of all roarings listened in each sector. Points were chosen in order to guarantee comparison of data among adjacent areas. The total number of red deer was extrapolated considering the number of roaring stags and the percentage of stags in the population, calculated by monthly data on population age structure collected on established transects. In 1998 and 1999, census were conducted also by observation from fixed vantage points in portion B of ISA. Density was evaluated by dividing total consistence by total range surface. As for roe deer, post-parturition density was calculated using a fertility value of 0.85 embryos/> 1-year-old female, derived from a sample of 54 females.
As fallow deer are not uniformly distributed in the whole study area, density values estimated by drive census in sample areas were very variable among different years. To estimate density we calculated a mean value for the whole study period, extrapolated from data obtained by both drive census and observation from vantage points in portion B in 1998 and 1999.
Wolf food habits
We studied wolf food habits by scat analysis as described in previous studies (Meriggi, Rosa et al. 1991; Mattioli et al. 1995; Ciucci et al. 1996; Meriggi, Brangi et al. 1996) .
All workers involved in the scat analysis previously performed a blind test, in order to evaluate their ability in discriminating hairs at a specific level. Every prey species present in the study areas was represented in the test. Moreover, workers were tested for their capacity to identify weight classes of wild boar by hairs. In both tests, errors were below the threshold of 5%.
We calculated the use rate of each food item by frequencies of occurrence (FO) and mean per cent volume (MPV). The FO was calculated by the number of scats containing each item/the total number of scats * 100. To calculate MPV, we assigned a volume value to each food item found in every scat, considering a total volume of 1 for each scat. In our sample the scats contained just 1 item in most of the cases, we therefore used 5 fixed volume categories: 0, 0.25, 0.50, 0.75 and 1. The MPV was derived from the sum of volumes of each item in all scats/the total number of scats * 100.
We calculated relative biomass and relative number of preys (RNP) of wild ungulates and small mammals, by the regression equation: Y = 0.38 + 0.02 X , where Y represents the ingested biomass per collectable scat for a consumed prey of weight X , following Floyd, Mech & Jordan (1978) . Since in their study the range of prey dimensions was similar to that found in the present study, this model was preferred to the revision made by Weaver (1993) . We excluded domestic ungulates from this analysis because this prey category did not satisfy the model's requirements regarding the percentage of consumption and range of prey dimensions.
For each prey category (i.e. a defined age/weight class of each species), the biomass per scat was then multiplied for the total volume, in order to obtain the total biomass for the category. We calculated the RNP by dividing the biomass by the mean weight of the prey species. For roe deer we calculated the biomass of different age/weight classes for each bimestrial period, from June to the next May (see above). The biomass of different prey species was calculated only in ISA from November 1992 to December 1997 (i.e. when we had a large enough yearly sample and a proper collection of population structure of all ungulates species to allow this procedure for all of them), while the biomass of roe deer age/weight classes was calculated in ISA from November 1992 to April 2000, and in the other areas for the whole period of study. In all the areas, we obtained the mean weight of consumed roe deer by the mean of all roe prey weights.
Identification of roe deer age classes was based on coat features, from June to July, whereas, for the rest of the year, we discriminated < 1-and > 1-year-old individuals on the basis of the degree of bone fusion and closure of epiphyses. We assigned weight value to roe deer fawns (< 1-year-old) taking into account the month of collection of each scat and a growth function curve derived from a regression of the weights of 35 fawns shot in the part B of ISA from the 1 August to 15 March. From the curve we obtained 7 classes of weight: 3.4 kg in June, 6.5 kg in July-August, 10.8 kg in September-October, 14.1 kg in NovemberDecember, 17 kg in January-February, 19.5 kg in MarchApril and 21.9 kg in the next May. For example, when remains of roe deer fawns where found in a scat collected in June, we attributed to this prey a weight of 3.4 kg. A similar procedure was used by Mattioli et al. (1995) for wild boar. For adults, we assumed only 1 weight class of 24 kg, calculated from a sample of 160 individuals. For the other ungulate species, age estimate was based on coat features during summer and on comparison with samples from hair and bone reference collections. For wild boar, the same procedure was used as described in Mattioli et al. (1995) .
We 
Statistical analyses
Seasonal variations of the use of roe deer, and differences among years for each season and for the whole year were overall analysed by Kruskal-Wallis (Siegel, 1956) . In ISA, we tested the presence of trends in the variations of use (MPV) of roe deer, from 1988 to 1999, by regression analysis (RA), with linear and non-linear models, using SPSS 11.5 package. To evaluate the degree of selection of different prey species and of age classes within each species we calculated the Ivlev's electivity index (modified by Jacobs, 1974) as follows: D = (r − p)/(r + p − 2rp), with r = proportion of species in wolf diet, p = proportion of species in ungulate community. The index ranges between − 1 (negative selection) and + 1 (positive selection): values < − 0.2 and > + 0.2 were considered significant for selection.
We verified differences between the distribution of fawns in the diet and in the community by Chi-square test. In order to compare the seasonal volume distributions among years or areas, we applied the log-likelihood ratio or G test.
We used the Kendall's coefficient of concordance (W ) to verify the correspondence in the seasonal distribution of diet and in the use of different roe deer weight classes of roe deer among all areas. Finally, we calculated the Spearman correlation coefficient to evaluate the relationship between use rate of roe deer and its density, and that between roe deer use rate and wild boar density.
RESULTS
Wolf presence
We regularly monitored the presence of a wolf pack in ISA, from 1992 to 2000; reproduction was verified every year, except in 1996. One breeding pack was present in SAF during the whole period of study; a pack was also constantly present in VS while reproduction was not confirmed in 1997 and 1998. In the region comprising ISA, SAF and VS, pack size averaged 4.4 ± 1.2 in summer and 3.8 ± 1.1 in winter (Apollonio et al., in press) . During the period of study, one wolf pack was found to be present in PM, in the area of scat collection, and four different packs in VT, of which at least three were contemporaneously present every year (pers. obs.). Reproduction was verified in PM in 1994 (an abandoned litter was found) and in 1999, and in VT for two packs, in 1998 and 1999, and for three packs, in 2000.
Roe deer abundance
In ISA, during 1989-1999, mean density of roe deer before new births was 12.2 deer/km 2 . The highest postparturition density was 23.3 deer/km 2 . The relative proportion of roe deer in the ungulate community ranged between 46% and 74% (mean 62%) before births, and between 44% and 75% (mean 60%) after births. Density of roe deer in ISA did not vary during the 1989-1997 period, whereas it showed a decreasing tendency from 1998. In the other areas, mean density values, respectively before and after births, were 16.4 and 26.1 deer/km 2 in PM, 21.0 and 33.5 deer/km 2 in VS, and 38.5 and 61.4 deer/km 2 in VT.
Wolf food habits: importance of roe deer
For 1862 scats collected in ISA from May 1988 to April 2000, roe deer remains made up 19.1% of MPV and 23.8% of FO. As in ISA, in PM and SAF roe deer represented the second most important prey after wild boar in wolf diet. In VS, instead, mean per cent volumes of roe deer and wild boar were comparable, while in VT roe deer were the main prey, reaching more than 50% ( Table 2 ). The mean proportion of roe deer in the diet of wolves, calculated by annual volumes, significantly varied among areas (G test, Gadj = 47.4, d.f. = 4, P < 0.001).
For 1211 scats collected in ISA from November 1992 to December 1997, we also calculated the biomass of wild mammal prey (ungulates and small mammals representing 91.3% of the whole volume) following Floyd et al. (1978) . In that period, roe deer made up 17.5% of MPV, 14.3% of biomass and 19.2% of relative number of preys.
Mean weight of consumed roe deer in all areas were comparable: 15.9 kg in ISA, 14.4 kg in PM, 16.0 kg in VS, 16.8 kg in SAF and 16.0 in VT.
Annual and seasonal variations
We analysed the annual use of roe deer as MPV, considering each year to last from March to the following February, according to the biological cycle of wild boar, the most common main prey species. In ISA, the use of roe deer varied between 10.6% and 34.5% of MPV during the period 1988-2000, and showed a decline during the first 4 years but this tendency was reversed after 1992 (RA, quadratic model: Y = 0.544 − 1.24 * X + 0.97 * X 2 , R 2 = 0.68, F = 9.81, P = 0.005). Annual MPV values for roe deer ranged between 6.8% and 13.9% in PM, 34.4% and 44.9% in VS, 11.7% and 31.8% in SAF and 49.6% and 56.1% in VT. Differences between years proved significant only for PM and SAF (K-W test, PM: H = 8.4, P < 0.05, d.f. = 3; SAF: H = 16.0,
Roe deer percentage of use showed similar seasonal fluctuations in all study areas (Kendall's Coefficient of Concordance: W = 0.888, P < 0.01). In fact, the highest values of MPV were found in summer, for all the areas except VT, and in winter, for all the areas except SAF.
We found significant seasonal variations within each year only for some years. In ISA, for the period from 1995 to 1997 (K-W test, 1994-1995: H = 19.9, d .f. = 3, P < 0.001; 1995-1996: H = 10.3, d.f. = 3, P < 0.05; 1996-1997: H = 8.8, d.f. = 3, P < 0.05); in PM, only for 1995 (K-W test, H = 25.9, d.f. = 3, P < 0.001), due to higher summer use of roe deer (M-W test, summer-spring, summer-autumn, and summer-winter: P < 0.001). Any significant variation was found in SAF, VS and VT.
In ISA, for all the seasons we found significant variations in the use of roe deer in the same season in different years. On the contrary, in VT we did not find any variation in the use of roe deer among all the seasons in different years (i.e. roe deer were used in a similar way in all the springs, summers, and so on). The other study areas showed consistent differences only in the autumn of different years (Table 3) .
Selection of roe deer
In ISA, we observed a negative selection of roe deer by wolves: although mean density of roe deer was more Table 4 . Use of roe deer fawns by different indices in all the study areas. For each area, the mean value of each index ± standard deviation is given for the whole period of study. See Table 1 than twice that of wild boar, the former was used about three to four times less than the latter, depending on the parameter taken into consideration (volume, biomass, relative number of prey). From 1993 to 1997 the Ivlev's index, calculated by RNP, ranged from − 0.4 to − 0.9 (mean D = − 0.67), and negative selection of roe deer proved significant. In the 1993-97 period we found a strong correlation between the index calculated by the RNP and that calculated by the MPV (Spearman coefficient of correlation, r s = 1, P < 0.0001), therefore we used the latter to determine the index for the years when RNP was not available. Even in these years, roe deer were negatively selected.
In ISA, of the 444 scats containing roe deer, it was only possible to identify age classes for 191 (43%) scats. Young individuals accounted for 51% of MPV, 43.2% of biomass, and 62.2% of consumed preys. The results obtained in the other areas were quite similar (Table 4) .
Since, in ISA, the mean annual proportion of fawns in the population was 28%, we found a positive selection for this age class in the diet (Chi-square = 34.8, d.f.1, P < 0.001). The Ivlev's index, calculated for the years 1993-2000, ranged between 0.4 and 0.7 (mean D = 0.53). Selection of fawns by wolves did not vary among years, although the number of fawns per female, observed from October to March, decreased over the period of study.
To evaluate seasonal differences in the use of young roe deer, every year was divided into three seasons: winter (January-April), summer (May-August) and autumn (September-December). Fawns were used more than adults in summer and in autumn in all the areas, while in winter only in VS and VT. The relative use of young and adult deer, as MPV and biomass, did not significantly change among all the areas in summer (G test, Gadj = 3.9, d.f. = 4, P < 0.1), while we found significant differences for both indices for winter and for MPV for autumn (G test, Gadj = 12.9, d.f. = 4, P < 0.05; Gadj = 21.7, d.f. = 4, P < 0.001; Gadj = 11.5, d.f. = 4, P < 0.01, respectively). Moreover, the proportion of young varied consistently in all areas decreasing as their weight increased (Kendall's Coefficient of Concordance: W = 0.5, P < 0.05), but more significantly excluding VT (W = 0.8, P < 0.01). Newborns (3.4 kg and 6.5 weight classes) were the most used in all the areas (Kendall's Coefficient of Concordance: W = 1, P < 0.05), while the use of the other classes varied with increasing weight ( Fig. 2) . As biomass values, the most important classes among fawns were those between 14 and 19 kg. In ISA, selection of young was high in autumn (mean D = 0.85) and summer (mean D = 0.75). This trend was similar every year, with very slight variations (Fig. 3) . In winter, instead, the Ivlev's index value was lower (mean D = 0.4) and variable in the period of study, and in 2 years it was less than the 0.2 significance threshold.
Relationship between roe deer use, density and forest cover proportion
In ISA, variation of roe deer density (after-birth estimate) was not correlated either with MPV from 1989 to 1999, or with relative numbers of prey from 1993 to 1998 (Spearman Correlation Coefficient, with MPV: r s = − 0.132, n = 11, P = 0.7; with RNP: r s = − 0.103, n = 5, P = 0.9). We did not find any significant correlation between the use of roe deer and the density of the main prey, wild boar (Spearman Correlation Coefficient, with MPV: r s = 0.291, n = 11, P = 0.4; with RNP: r s = 0.800, n = 5, P = 0.1).
Over the whole period of study, we compared annual MPV of roe deer in wolf diet and its density in spring, also in PM, VS and VT. We did not observe any variation in roe deer use in relation to density in any of the areas except VT, where the two variables exhibited a comparable trend. Finally, we did not find any significant correlation even between mean density and mean use of roe deer in the whole period among all areas. Instead, we found a negative correlation between the use of roe deer and the percentage of forest cover, considering all the areas (Spearman Correlation Coefficient, with MPV: r s = − 0.900, n = 5, P < 0.05) (Fig. 4) .
DISCUSSION
In most of our study areas, roe deer had a secondary role in wolf diet, whereas wild boar proved to be the main prey. Roe deer was the main prey in only one area (VT), and in another one (VS) its use equalled that of wild boar. This finding is in agreement with the general trend observed for this species in Europe. In a review on the role of roe deer as a wolf prey, Aanes et al. (1998) pointed out that this species made up a low proportion of wolf diet, and that red deer or wild boar were preferred, in the deciduous forests of eastern Europe (Bobek et al., 1995; Gavrin & Donaurov, 1954 cited in Okarma, 1995 Bunevich, 1988 cited in Okarma, 1995 Jedrzejewski, Jedrzejewska, Okarma, Schmidt et al., 2000) or in the Italian Apennines (Patalano & Lovari, 1993; Mattioli et al., 1995; Ciucci et al., 1996; Meriggi, Brangi et al., 1996) , respectively. In a few areas only, roe deer was the main prey among the ungulate community (Salvador & Abad, 1987; Vilà, Urios & Castrovejo, 1990; Hell, 1993; Ionescu, 1993; Wabakken, Linnell & Andersen, 1996) . These authors supposed ecological conditions and pack size to be involved in these different patterns, which occurred even within the same region.
In fact, Jedrzejewska, Okarma et al. (1994) and Glowacinski & Profus (1997) , found that in areas of large-scale forest exploitation or where agricultural land is common, roe deer becomes a much more important component of the diet of wolves. This could be due to the fact that in these habitats roe deer can reach higher density, because it has a better ability to exploit human dominated landscapes Hewison, Vincent & Reby, 1998) .
Even if ecological conditions are quite similar between our study areas, the higher use of roe deer observed in VT and VS could be due to their particular habitat characteristics. These areas, indeed, are characterized by the presence of mixed forest/farmland mosaics, which may enhance roe deer predation in two ways. First, it could favour the locally high roe deer density, since this kind of habitat provides richer trophic resources (Linnell, Duncan & Andersen, 1998) . Second, Gerard et al. (1995) found a positive relationship between the proportion of open habitat and group size of roe deer, and Huggard (1993) and Hebblewhite & Pletscher (2002) observed an increase in encounter rates and attack success of wolves on large ungulate groups. Thus, the grouping of roe deer in fields, particularly at certain times of the day, could enhance their probability to be preyed upon.
Despite different rates of use, the seasonal pattern of roe deer use was relatively constant between most areas, with a peak being reached in summer. The degree of seasonal variation however was limited with the exception of PM and ISA, where the use of roe deer was below 20%. In VT, where roe deer were used over 50%, seasonal trends were the least marked and, in summer, the availability of fallow deer fawns and livestock produced a slight decrease in percentage of use. Correspondingly, in southern-central Scandinavia, where roe deer represented 52% of diet as relative numbers of prey, no seasonal difference was found between summer and winter in the use of adults (Olsson et al., 1997) .
Roe deer was negatively selected in ISA, and, even if in the neighbouring areas selection between ungulate species could not be tested, general data on the ungulate communities from SAF and PM seem to suggest a similar trend. This result could be related to the presence of a more profitable prey. In fact, roe deer are considered difficult to kill in forested habitat because of their tendency to live in small groups and their secretive and elusive nature. Jedrzejewski, Jedrzejewska, Okarma, Schmidt et al. (2000) , found in the Polish part of BPF that although roe deer was a fairly stable component of wolf diet (averaging 17% of wolf prey between 1991 and 1996) , it was always used less than expected. Red deer, instead, were the preferred prey of wolves. In southern-central Scandinavia, moose represented the alternative prey for a five-wolf pack, and roe deer were killed twice as often as moose despite the fact that moose density was about three times higher than that of roe deer (Olsson et al., 1997) .
Wild boar, which was positively selected in ISA and mainly used in SAF and PM, could represent a more profitable prey than roe deer. In fact, wolves commonly select wild boars of 15-30 kg (Salvador & Abad, 1987; Jedrzejewski, Jedrzejewska, Okarma & Ruprecht, 1992; Mattioli et al., 1995; Meriggi, Brangi et al., 1996; Jedrzejewski, Schmidt, Teuerkaf et al., 2002) , which are more vulnerable and at the same time provide more biomass than the average roe deer prey.
Wolves mainly used < 1-year-old roe deer in all the study areas, in accordance with what was observed for cervids in many other studies (Voigt, Kolenoski & Pimlott, 1976; Fritts & Mech, 1981; Jedrzejewski, Jedrzejewska, Okarma & Ruprecht, 1992; Boyd et al., 1994; Mattioli et al., 1995; Okarma, 1995; Olsson et al., 1997; Bergerud & Elliott, 1998; Jedrzejewski, Jedrzejewska, Okarma, Schmidt et al., 2000) . On the contrary, in BPF, neither wolves nor lynxes, which mainly preyed on roe deer, selected any class of age from the roe deer population (Okarma et al., 1997; Jedrzejewski, Jedrzejewska, Okarma, Schmidt et al., 2000) .
In several north European study areas where predators were present, early mortality of fawns was around 33.3% (range 21-51%) (Aanes & Andersen, 1996; Linnell, Aanes et al., 1995; Gaillard, 1994; Thor, 1995) . In some of these study areas, predation by red fox removed from 17.1% to 46.4% of fawns. In ISA, instead, the incidence of wolf predation on roe deer juveniles was lower (5.2%), and this could be due to the availability both of other cervids and newborn wild boar in the same period.
The positive selection of fawns was proved in ISA, particularly in summer and autumn. In the first months of life, in fact, vulnerability of fawns seemed to be higher, and then it gradually decreased as the weight and the skills of juveniles improved. On Jøa Island (Norway), fawns from 2 to 4 weeks of age were found to be more susceptible to predation by red fox and the mean estimated body mass of killed fawns was 4.6 kg (Aanes & Andersen, 1996) . In that period, in fact, they become detectable by smell, but they are still not able to escape from predators. Between 20 and 30 days after birth, instead, the probability that hidden fawns flush when approached sharply increases, as Linnell, Wahlström & Gaillard (1998) showed in a predator free environment. As flushing fawns are more vulnerable than both flushing adults and hiding newborns, vulnerability of young could remain high even in the autumn season, until they improved their skill and physical ability to escape.
In the other study areas, we could not calculate the Ivlev's index. However, as the mean annual percentage of fawns in the community, observed in VS, PM and VT, was estimated around 30-35%, the observed relative use rates of fawns and the concordance with the results observed in ISA suggest positive selection of this age class at least in the first season of life. It is interesting that, in those areas where roe deer use was the highest (VT and VS), fawns were used more than adults in all seasons.
